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Summary
Objective: Develop a radiographic atlas of osteoarthritis (OA) to be used as a template and guide for grading radiographs of osteoarthritic
lesions of the hand, hip and knee.
Method : The 1995 atlas was reviewed for the images most useful for clinical trials. Replacement images were selected from the Stanford
University Radiology Department Picture Archive and Communications System by reviewing consecutive radiographs obtained from patients.
Selected imageswere downloadedwithout patient identiﬁcation information. Imageswere organized by hand, hip and knee. Theywere reviewed
for ﬁndings of OA and images grouped into image ﬁles by individual ﬁndings and degree of change. Both investigators individually selected the
most promising images. Final images were selected by consensus. Original electronic images were then cropped and placed in sequence.
Results: Individual radiographic features (e.g., osteophytes, joint space narrowing) were recorded for hand (distal interphalangeal joint, prox-
imal interphalangeal joint, trapeziometacarpal joint), hip (acetabular, femoral) and knee (medial compartment, lateral compartment, tibial,
femoral); they were also sequenced for normal, 1þ, 2þ, and 3þ change. Images were made available in print and electronic formats.
Conclusion : An updated atlas of radiographic images was produced to assist in grading individual radiographic features of the hand, hip and
knee for clinicians and for use in clinical trials.
ª 2007 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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Osteoarthritis (OA) was found in ‘‘Java man’’, one of our earli-
est known ancestors (ca 500,000 years ago)1. However, from
a medical perspective, OA as a clinical entity was not sepa-
rated from other arthritides such as rheumatoid arthritis until
1859 by Garrod. In addition, OA did not receive its name until
1888 from John Kent Spender, a physician in Bath who also
used the same terminology for a variety of rheumatic condi-
tions. The ﬁrst radiographic description from ‘‘skiagrams’’
that separated OA from rheumatoid arthritis was in 1904 by
Goldwaite, where he coined the term ‘‘hypertrophic arthritis’’2.
Additional radiographic descriptions evolved over a half of the
century and were ﬁnally well deﬁned in an atlas produced by
Kellgren and Lawrence in 19573,4. For the ﬁrst time, clinicians
and researchers were able to stage OA from a radiographic
perspective. Their composite grading system continues to be
used today. Criticisms of the Kellgren and Lawrence system
are directed at the emphasis on the osteophyte, the overall
grades in severity from normal to severe (0e3), and that the
system is relatively insensitive to change. This limits the Kellg-
ren and Lawrence scale to screening subjects for the radio-
graphic diagnosis ofOAand for grading gross clinical severity.
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creased detail is often more appropriate in the interpretation
of radiographs of joint tissues5,6. Even though newer tech-
niques have become available, the plain radiograph con-
tinues to be the most accessible tool in the evaluation of
the OA joint. To increase the usefulness of the plain radio-
graph, there has been the development of radiographic
atlases that can be used as guides in the evaluation of
individual features of OA5,7e13. Atlases have been of value
in screening patients for conﬁrmation of OA and staging of
OA, particularly for clinical trials.
An atlas from the Osteoarthritis Research Society Interna-
tional (OARSI) was published in 199610. Over the last decade,
the atlas was used for a variety of purposes, mostly for clinical
trials. The original galley proofs are not available and the pub-
lisher is not able to reproduce quality images from the original
atlas. Hence, new distribution of the 1996 OARSI atlas is no
longer available. The OARSI Board of Directors commis-
sioned the development of a new atlas, one that can replace
theoriginalOARSIatlas.Theatlasbelow is intended toprovide
better quality imageswith theaddedability toaccesselectronic
images.
Method
SELECTION OF RADIOGRAPHS
The ‘Radiographic Atlas for Osteoarthritis of the Hand, Hip
and Knee’ was reviewed for images10. Those images felt to
bemost relevant were selected for replacement. The images
of the 1996 Atlas were derived from photographic prints1
A2 R. D. Altman and G. E. Gold: Atlas of individual radiographic features in OAcopied from celluloid radiographs. These were in turn photo-
graphedby thepublisher for typesetting into theatlas.Eachof
the stages above potentially lead to reduced detail in repro-
duction. The images for this atlas were to be derived directly
from electronically stored radiographic images. It is expected
that this format will provide greater image detail.
The Stanford University Department of Radiology Picture
Archive and Communications System (PACS) was
screened for relevant images of hands, hips and knees by
reviewing consecutive radiographs obtained from patients
in the years 2004 and 2005. Images were obtained using
Computed Radiography (CR) X-ray systems at Stanford
University. Selected images were downloaded into Bitmap-
ped (BMP) and Digital Imaging and Communication in Med-
icine (DICOM) format ﬁles and numerically labeled without
any patient identiﬁcation information: hand, n¼ 32; hip,
n¼ 27; and knee, n¼ 43. Images were organized by
hand, hip and knee. Images were then reviewed for individ-
ual ﬁndings of OA (Table I). Only selected changes are re-
corded in this atlas. For example, it was elected to not grade
several abnormalities, other than to state that they are pres-
ent or absent. Images were grouped by individual ﬁndings
and sequenced by degree of change. Groups of BMP im-
ages with similar ﬁndings were organized within individual
PowerPoint (Microsoft, Redmond, WA) ﬁles and graded
for degree of change (i.e., 0¼ normal, 1¼mild change,
2¼moderate change, 3¼ severe change). Both investiga-
tors separately reviewed PowerPoint ﬁles. The most prom-
ising images were selected. Investigators met, reviewed
image ﬁles, compared ﬁndings and selected ﬁnal images
by consensus. Once selected, the original DICOM elec-
tronic images were again reviewed, matched for contrast
and brightness, cropped to match other images for the ﬁnd-
ing, potentially reversed so that all images faced the same
direction and saved as uncompressed Tagged Image File
Format (TIFF) ﬁles. The original DICOM ﬁles were used in
the ﬁnal image production to maximize image quality.
TECHNIQUES OF OBTAINING RADIOGRAPHS
Hand X-rays were obtained with one or both hands in
a postero-anterior view using a General Electric (Milwaukee,
WI) CR system. Most images contained both hands on a
single X-ray ﬁlm. As part of the processing of radiographs
all X-ray ﬁlms were transmitted to PACS within 24 h. Hip
images were obtained with the subject reclined with an
antero-posterior view. Most included both hips on a single
view. Hip images were stored directly into the PACS
system. The knee images were obtained with the patient
standing with the CR system. Most images included both
knees and all images were directly transmitted to the PACS.
Results
HAND
Hand osteophytes, graded 0e3, are pictured for the
distal interphalangeal joints (DIP) (Fig. 1), proximal inter-
phalangeal joints (PIP) (Fig. 2), and trapeziometacarpal
joint (ﬁrst carpometacarpal joint, ﬁrst CMC) (Fig. 3). Joint
space narrowing, graded 0e3, is pictured for the DIP
(Fig. 4), PIP (Fig. 5) and ﬁrst CMC (Fig. 6).
Other abnormalities of the hands are demonstrated. The
interphalangeal joint (IP) of the thumb is pictured for normal,
osteophyte formation and joint space narrowing (Fig. 7). The
trapezionavicular joint on theproximal sideof the trapezium ispictured (Fig. 8). Malalignment of the DIP and PIP with sub-
luxation of the ﬁrst CMC is pictured (Fig. 9). Additional
changes of the DIP with erosions, the characteristic central
erosion and associated pseudowidening, and subchondral
Table I
Evaluated radiographic features of OA
Hand
Osteophyte
DIP (0e3)
PIP (0e3)
First CMC (0e3)
Thumb (IP) (absent/present)
Naviculotrapezial joint (NTJ) (absent/present)
Joint space narrowing
DIP (0e3)
PIP (0e3)
First CMC (0e3)
IP (absent/present)
NTJ (absent/present)
Malalignment
DIP (absent/present)
PIP (absent/present)
First CMC (subluxation) (absent/present)
Erosion
DIP (absent/present)
DIP central erosion (absent/present)
DIP pseudowidening (absent/present)
PIP (absent/present)
First CMC (absent/present)
Subchondral sclerosis
DIP (absent/present)
PIP (absent/present)
First CMC (absent/present)
Subchondral cyst
PIP (absent/present)
First CMC (absent/present)
Hip
Marginal osteophytes
Superior acetabular (0e3þ)
Superior femoral (0e3þ)
Inferior femoral (0e3þ)
Inferior acetabular (absent/present)
Joint space narrowing
Superior (0e3þ)
Medial (0e3þ)
Other
Acetabular subchondral cyst (absent/present)
Acetabular subchondral cyst (absent/present)
Femoral subchondral sclerosis (absent/present)
Flattening of the femoral head (absent/present)
Thickening of the medial femoral calcar (buttressing)
(absent/present)
Kneedtibiofemoral
Marginal osteophytes
Medial femoral condyle (0e3þ)
Medial tibial plateau (0e3þ)
Lateral femoral condyle (0e3þ)
Lateral tibial plateau (0e3þ)
Joint space narrowing
Medial compartment (0e3þ)
Lateral compartment (0e3þ)
Other
Medial tibial attrition (absent/present)
Medial tibial sclerosis (absent/present)
Lateral femoral sclerosis (absent/present)
A3Osteoarthritis and Cartilage Vol. 15, Supplement Asclerosis are pictured on Fig. 10. Erosion, subchondral cyst
formation and subchondral sclerosis are demonstrated for
the PIP (Fig. 11) and ﬁrst CMC (Fig. 12).
HIP
Hip images graded as 0e3 include marginal osteophytes
of the superior acetabulum (Fig. 13), superior femoral head
(Fig. 14), and inferior femoral head (Fig. 15). Joint space
narrowing, also graded as 0e3, is pictured at the superior
lateral femoroacetabular joint space (Fig. 16) and medial
femoroacetabular joint space (Fig. 17). Axial views of the
femoroacetabular joint were not obtained.
Additional ﬁgures of the hip (Figs. 18 and 19) include ace-
tabular changes such as an inferior acetabular osteophyte
[Fig. 18(B)], subchondral cyst formation [Fig. 18(C)], andsubchondral sclerosis [Fig.18(D)].Additional femoral changes
are pictured for subchondral femoral sclerosis [Fig. 19(B)],
ﬂattening of the femoral head [Fig. 19(C)] and thickening of
the medial cortex or calcar (buttressing) [Fig. 19(D)].
KNEE
Knee images graded as 0e3 include marginal osteo-
phytes of the medial femur, (Fig. 20), medial tibial plateau
(Fig. 21), lateral femur (Fig. 22) and lateral tibial plateau
(Fig. 23). Joint space narrowing, graded 0e3, are pictured
for the medial tibiofemoral compartment (Fig. 24) and the
lateral tibiofemoral compartment (Fig. 25). Additional knee
changes (Fig. 26) are pictured for medial tibial attrition
[Fig. 26(B)], medial tibial sclerosis [Fig. 26(C)] and lateral
femoral sclerosis [Fig. 26(D)].
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A5Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 1. Hand DIP: (A) grade 0 normal, (B) grade 1 marginal osteophyte, (C) grade 2 marginal osteophyte, and (D) grade 3 marginal osteophyte.
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A7Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 2. Hand PIP: (A) grade 0 normal, (B) grade 1 marginal osteophyte, (C) grade 2 marginal osteophyte, and (D) grade 3 marginal osteophyte.
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A9Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 3. Hand trapeziometacarpal joint: (A) grade 0 normal, (B) grade 1 marginal osteophyte, (C) grade 2 marginal osteophyte, and (D) grade 3
marginal osteophyte.
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A11Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 4. Hand DIP: (A) grade 0 normal, (B) grade 1 joint space narrowing, (C) grade 2 joint space narrowing, and (D) grade 3 joint space
narrowing.
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A13Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 5. Hand PIP: (A) grade 0 normal, (B) grade 1 joint space narrowing, (C) grade 2 joint space narrowing, and (D) grade 3 joint space
narrowing.
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A15Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 6. Hand trapeziometacarpal joint: (A) grade 0 normal, (B) grade 1 joint space narrowing, (C) grade 2 joint space narrowing, and (D) grade
3 joint space narrowing.
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A17Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 7. Hand IP of the thumb: (A) normal, (B) marginal osteophyte, and (C) joint space narrowing.
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A19Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 8. Hand trapezionavicular joint: (A) normal, (B) marginal osteophyte, and (C) joint space narrowing.
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A21Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 9. Hand malalignment of the (A) DIP, (B) PIP, and (C) (subluxation) trapeziometacarpal joint.
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A23Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 10. Hand DIP: (A) erosion, (B) central erosion, (C) pseudowidening, and (D) subchondral sclerosis.
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A25Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 11. Hand PIP: (A) erosion, (B) subchondral cyst, and (C) subchondral sclerosis.
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A27Osteoarthritis and Cartilage Vol. 15, Supplement AFig. 12. Hand trapeziometacarpal joint: (A) erosion, (B) subchondral cyst, and (C) subchondral sclerosis.
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) grade 3 superior acetabular osteophyte.
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AFig. 13. Hip: (A) grade 0 normal, (B) grade 1 superior acetabular osteophyte, (C) grade 2 superior acetabular osteophyte, and (D
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de 3 superior femoral osteophyte.
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AFig. 14. Hip: (A) grade 0 normal, (B) grade 1 superior femoral osteophyte, (C) grade 2 superior femoral osteophyte, and (D) gra
A32 R. D. Altman and G. E. Gold: Atlas of individual radiographic features in OA
inferior femoral osteophyte.
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AFig. 15. Hip: (A) grade 0 normal, (B) grade 1 inferior femoral osteophyte, (C) grade 2 inferior femoral osteophyte, and (D) grade 3
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grade 3 superior joint space narrowing.
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AFig. 16. Hip: (A) grade 0 normal, (B) grade 1 superior joint space narrowing, (C) grade 2 superior joint space narrowing, and (D)
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3 medial joint space narrowing.
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AFig. 17. Hip: (A) grade 0 normal, (B) grade 1 medial joint space narrowing, (C) grade 2 medial joint space narrowing, and (D) grade
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ubchondral sclerosis.
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AFig. 18. Hip: (A) normal, (B) inferior acetabular osteophyte, (C) acetabular subchondral cyst, and (D) acetabular s
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l medial calcar (buttressing).
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AFig. 19. Hip: (A) normal, (B) subchondral femoral sclerosis, (C) ﬂattening of the femoral head, and (D) thickening of the femora
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de 3 medial femoral osteophyte. A4
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AFig. 20. Knee: (A) grade 0 normal, (B) grade 1 medial femoral osteophyte, (C) grade 2 medial femoral osteophyte, and (D) gra
A44 R. D. Altman and G. E. Gold: Atlas of individual radiographic features in OA
de 3 medial tibial osteophyte. A4
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AFig. 21. Knee: (A) grade 0 normal, (B) grade 1 medial tibial osteophyte, (C) grade 2 medial tibial osteophyte, and (D) gra
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(D) grade 3 lateral femoral osteophyte.
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AFig. 22. Knee: (A) grade 0 normal, (B) grade 1 lateral femoral osteophyte, (C) grade 2 lateral femoral osteophyte, and
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ade 3 lateral tibial osteophyte. A4
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AFig. 23. Knee (A) grade 0 normal, (B) grade 1 lateral tibial osteophyte, (C) grade 2 lateral tibial osteophyte, and (D) gr
A50 R. D. Altman and G. E. Gold: Atlas of individual radiographic features in OA
(D) grade 3 medial tibiofemoral narrowing.
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AFig. 24. Knee: (A) grade 0 normal, (B) grade 1 medial tibiofemoral narrowing, (C) grade 2 medial tibiofemoral narrowing, and
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) grade 3 lateral tibiofemoral narrowing. A5
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AFig. 25. Knee: (A) grade 0 normal, (B) grade 1 lateral tibiofemoral narrowing, (C) grade 3 lateral tibiofemoral narrowing, and (D
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AFig. 26. Knee: (A) normal, (B) medial tibial attrition, (C) medial tibial sclerosis, and (D) lateral femoral sc
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Radiographic images of the hand, hip and knee were se-
lected from the Stanford University PACS to produce a radio-
graphic atlas of changes of OA. The atlas is to be used as
a guide in the evaluation of individual radiographic features
of OA. The techniques of image collection that can be used
with this atlas are available at most medical facilities. Images
displayed in this atlas are purposely large for ready compari-
sons. In addition, the images are stored electronically and
can be downloaded in order to better examine detail.
There has been no attempt to reproduce all radiographic
changes of OA. For example, the patellofemoral joint has
not been reviewed. The prior OARSI atlas included the pa-
tellofemoral joint10. The prior views of the patellofemoral
joint have been examined by an axial (skyline, sunrise, sun-
set) view. Better joint space detail can be determined by
a medialelateral X-ray beam with careful alignment14,15.
Other radiographic features were not reproduced due to
lack of speciﬁcity of these ﬁndings for OA. Although present
early and common in knee OA, sharpening of the tibial
spines (attachments of the anterior and posterior cruciate
ligaments to the tibia), the speciﬁcity to OA or its progres-
sion is suspect7. Similarly, superior acetabular osteophytes
are difﬁcult to interpret as there is considerable variation in
size of the superior acetabular lip16.
Individual images of some atlases may be superior to
others. Some individual ﬁndings may be superior in different
published atlases and several comparisons of atlases have
been performed16e19. However, availability of the atlas for
use is critically important, stimulating the publication of
this atlas. Availability of the images in electronic format is
also crucial for comparison at multiple sites and with images
acquired in a digital format.
Several additional methods are available for examining
OA and its progression. Semi-quantitative radiographic im-
aging and magnetic radiographic imaging were carefully re-
viewed in a combined workshop of the National Institutes of
Health (NIH), Outcome Measures in Rheumatology Clinical
Trials (OMERACT), and OARSI20. There has been no at-
tempt to create a global score, as the KellgreneLawrence
method of evaluation of radiographs continues to be use-
ful3. A line drawing atlas has been developed and may
have value in prospective trials21.
This atlas will be useful to clinicians and investigators for
determining the presence and severity of individual radio-
graphic features of OA in a standardized semi-quantitative
methodology. This has relevance to the clinical setting,
cross-sectional studies and longitudinal studies. Wide-
spread availability of the atlas and electronic images should
facilitate multi-center studies and allow comparison with
newer radiographs acquired in a digital format.
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